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(54) Non-volatile semiconductor memory device 



(57) A non-volatile semiconductor memory device 
for allowing a data writing operation to, a data reading 
operation from, and a data erasing operation from a plu- 
rality of non-volatile memory cells. The non-volatile 
semiconductor memory device includes a data compar- 
ison section for outputting a first comparison result ob- 
tained by comparing data read from each of the plurality 
of memory cells and data read using a reference ele- 
ment for reading, a second comparison result obtained 



by comparing data read from each of the plurality of 
memory cells and data read from a reference element 
for writing, and a third comparison result obtained by 
comparing data read from each of the plurality of mem- 
ory cells and data read from a reference element for 
erasing; and a data storage defect detection section for 
detecting a data storage defect of a memory cell among 
the plurality of memory cell, based on the first, second 
and third comparison results obtained from the data 
comparison section. 
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Description 

1. FIELD OF THE INVENTION: 

[0001] The present invention relates to a non-volatile 
semiconductor memory device such as, for example, an 
EEPROM (Electrically Erasable and Programmable 
Read-Only Memory) device. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Conventionally, an EEPROM type memory de- 
vice accumulates charges in a floating gate of a floating 
gate-type MOS transistor (hereinafter, referred to simply 
as a "transistor") forming a memory cell, and stores data 
using a change in the threshold voltage value of the tran- 
sistor which is caused by a change in the amount of the 
charges accumulated in the floating gate. However, in 
actual use, a phenomenon occurs that the charges ac- 
cumulated in the floating gate escape via an insulating 
layer provided for insulating the floating gate from an 
electrode of the transistor. Such a phenomenon occurs 
because, for example, the insulating layer deteriorates 
over-time, and generates a data storage defect. 
[0003] In order to prevent this phenomenon, the fol- 
lowing techniques are used in general: (i) the insulating 
layer of the memory cell is reinforced during the produc- 
tion process of the EEPROM type memory device; and 
(ii) the voltage conditions for erasing and writing data 
are optimized so as to minimize a stress applied to the 
insulating layer when data is erased or written. 
[0004] One example of the techniques (i) and (ii) is 
described in Japanese Laid-Open Publication No. 
8-t 90796 entitled "Flash Memory Having Data Refresh- 
ing Function and Data Refreshing Method for Flash 
Memory". 

[0005] The above-mentioned publication discloses a 
method of detecting a memory ceil, among a plurality of 
memory cells, in which charges have escaped from the 
floating gate and then rewriting data to the detected 
memory cell. According to this method, a reference cell 
for erasing and a reference cell for writing are used. 
When a memory cell is determined to be at a writing level 
using the reference cell for erasing, and when a memory 
cell is determined to be at an erasing level using the 
reference cell for writing, the memory cell is determined 
to be the defective memory cell in which charges have 
escaped from the floating gate. 

[0006] In general, the escape of charges from the 
floating gate occurs most often among the defects in- 
volving the floating gate of an EEPROM type memory 
device. Other defects include an excessive increase in 
charges accumulated in the floating gate in the memory 
cell. By the above-described conventional method for 
detecting a memory storage defect, a cell in which the 
charges have been increased cannot be clearly distin- 
guished from a cell in which the charges have escaped, 
and thus an increase in the charges is determined to be 



an escape of charges. In this specification, the defect 
that charges escape from a floating gate of a memory 
cell will be referred to as a "charge escaping defect", 
and the defect that charges are excessively increased 
5 in a floating gate of a memory cell will be referred to as 
a "charge increasing defect". The charge escaping de- 
fect and the charge increasing defect are both datastor- 
age defects. 

[0007] In the case where no measure is taken against 
10 the charge escaping defect or the charge increasing de- 
fect, the following inconvenience occurs. The data stor- 
age characteristic of the memory device has a pre- 
scribed level immediately after the memory device is 
produced, but the insulating layer of the floating gate of 
15 the device tends to deteriorate as the device is used, 
especially as more and more data is erased from orwrit- 
ten to the device. The level of data storage characteristic 
of the memory device is gradually decreased. In order 
to provide a memory device which is reliable for an ex- 
20 tended period of time with certainty, it is necessary to 
accumulate a vast amount of know-how or expertise in 
terms of both designing and production, which is very 
difficult to realize. 



[0008] According to one aspect of the invention, a 
non-volatile semiconductor memory device for allowing 
a data writing operation to, a data reading operation 

30 from, and a data erasing operation from a plurality of 
non-volatile memory cells is provided. The non-volatile 
semiconductor memory device includes a data compar- 
ison section for outputting a first comparison result ob- 
tained by comparing data read from each of the plurality 

35 of memory cells and data read using a reference ele- 
ment for reading, a second comparison result obtained 
by comparing data read from each of the plurality of 
memory cells and data read from a reference element 
for writing, and a third comparison result obtained by 

40 comparing data read from each of the plurality of mem- 
ory cells and data read from a reference element for 
erasing; and a data storage defect detection section for 
detecting a data storage defect of a memory cell among 
the plurality of memory cell, based on the first, second 

^5 and third comparison results obtained from the data 
comparison section. 

[0009] In one embodiment of the invention, the data 
comparison section includes a reference element group 
including the reference element for reading, the refer- 

50 ence element for writing, and the reference element for 
erasing; and a sensing differential amplification section 
connected to each of the plurality of memory cells , 
which are of an EEPROM type, at one input end of the 
section and also connected to the reference element 

55 group at the other input end of the section. 

[0010] in one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
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ue of the reference element for reading and a threshold 
voltage value of the reference element for writing, the 
data storage defect detection section determines that 
the memory cell has a charge escaping defect. 
[0011] In one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
ue of the reference element for reading and a threshold 
voltage value of the reference element for erasing, the 
data storage defect detection section determines that 
the memory cell has a charge increasing defect. 
[0012] In one embodiment of the invention, the data 
storage detection section detects the data storage de- 
fect at least one of: during a non-selection period of each 
memory cell, during a blank period while normal data 
read is performed from each memory cell, and when 
power is turned on. 

[O013] In one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
ue of the reference element for reading and a threshold 
voltage value of the reference element for writing, the 
data storage defect detection section determines that 
the memory cell has a charge escaping defect. 
[O014] In one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
ue of the reference element for reading and a threshold 
voltage value of the reference element for erasing, the 
data storage defect detection section determines that 
the memory cell has a charge increasing defect. 
[0015] In one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
ue of the reference element for reading and a threshold 
voltage value of the reference element for erasing, the 
data storage defect detection section determines that 
the memory cell has a charge increasing defect. 
[0016] In one embodiment of the invention, the non- 
volatile semiconductor memory device further includes 
a record information storage section for storing, as 
record information, memory cell information corre- 
sponding to the charge escaping defect and memory 
cell information corresponding to the charge increasing 
defect. 

[0017] In one embodiment of the invention, when a 
threshold voltage value of a memory cell among the plu- 
rality of memory cells is between a threshold voltage val- 
ue of the reference element for reading and a threshold 
voltage value of the reference element for erasing, the 
data storage defect detection section determines that 
the memory cell has a charge increasing defect. 
[0018] In one embodiment of the invention, the non- 
volatile semiconductor memory device further includes 
a record information storage section for storing, as 
record information, memory cell information corre- 
sponding to the charge escaping defect and memory 
cell information corresponding to the charge increasing 



defect. 

[0019] In one embodiment of the invention, the non- 
volatile semiconductor memory device further includes 
a data rewriting section for, when a memory cell among 
5 the plurality of memory cells has the charge escaping 
defect, performing a data rewriting operation to the 
memory cell. 

[0020] In one embodiment of the invention, the data 
rewriting section performs the data rewriting operation 
10 when the memory cell returns from a super low power 
consumption mode to a normal power consumption 
mode. 

[0021] In one embodiment of the invention, the data 
rewriting section performs the data rewriting operation 
'5 when the memory device goes into the super low power 
consumption mode. 

[0022] In one embodiment of the Invention, the data 
rewriting section performs the data rewriting operation 
by supplying power from a backup capacitance section 
20 when the memory device goes into the super low power 
consumption mode. 

[0023] In one embodiment of the invention, the non- 
volatile semiconductor memory device further includes 
a supply voltage monitor section for outputting a writing 

25 stop signal for stopping the data rewriting operation 
when the power supplied from the backup capacitance 
section becomes a prescribed level or lower. 
[0024] In one embodiment of the invention, the non- 
volatile semiconductor memory device further includes 

30 a final address storage section for storing a final address 
of a final memory cell, among the plurality of memory 
cells, from which the data reading operation was per- 
formed for detecting the data storage defect. The data 
storage defect detection section uses the address 

35 stored in the final address storage section to resume de- 
tection of the data storage defect by performing the data 
reading operation using the final address. 
[0025] According to another aspect of the invention, 
an information apparatus uses the above-described 

40 non-volatile semiconductor memory device for detect- 
ing a data storage defect of a memory cell. 
[0026] As described above, according to the present 
invention, a data storage defect is detected based on a 
comparison result between the data read from a mem- 

45 ory cell and data read from each of a reference element 
for reading, a reference element for writing and a refer- 
ence element for erasing. Therefore, a charge escaping 
defect and a charge increasing defect can be clearly dis- 
tinguished from each other. Thus, highly reliable data 

50 storage can be realized without entirely requiring a vast 
amount of know-how to be accumulated. 
[0027] According to the present invention, a data 
comparison section can be easily and satisfactorily 
formed using a reference element group and a sensing 

55 differential amplification section. 

[0028] According to the present invention, a memory 
cell having an abnormal or defective data storage char- 
acteristic is detected using a reference element for read- 
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ing and a reference element for writing. Therefore, a 
charge escaping defect can be detected with high pre- 
cision. 

[0029] According to the present invention, a memory 
cell having an abnormal or defective data storage char- 5 
acteristic is detected using a reference element for read- 
ing and a reference element for erasing. Therefore, a 
charge increasing defect can be detected with high pre- 
cision. 

[0030] According to the present invention, whether 10 
the data storage is normally performed or not can be 
checked when the memory device is turned on. Usually 
when the memory device is turned on, a memory system 
including the memory device is provided with a delay 
period for stable start. This delay time period can be is 
used to perform a background data rewriting operation. 
Thus, a difficult-to-obtain time period for the background 
rewriting operation can be obtained with certainty. A da- 
ta storage defect can also be detected during a non-se- 
lection period of the memory device and a blank period 20 
while normal data read is performed from the memory 
cell. 

[0031] According to the present invention, when a 
memory cell has a charge escaping defect, the data can 
be rewritten to the memory cell to compensate for the 25 
defect. 

[0032] When the memory system returns from a super 
low power consumption mode to a normal power con- 
sumption mode, the memory system is usually provided 
with a delay period for stable return. According to the 30 
present invention, this delay period is used to perform 
a background data rewriting operation. Thus, a difficult- 
to-obtain time period for the background rewriting oper- 
ation can be obtained with certainty 
[0033] When the memory system goes into the super 35 
low power consumption mode, the memory system is 
usually provided with a delay period for stable return. 
According to the present invention, this delay period is 
used to perform a background data rewriting operation. 
Thus, a difficult-to-obtain time period for the background 40 
rewriting operation can be obtained with certainty. 
[0034] According to the present invention, the mem- 
ory device has a built-in backup capacitance section 
such as a capacitorf or obtaining energy required to per- 
form a background operation in the super low power *s 
consumption mode. Therefore, the stable background 
operation is obtained, and the time period in which the 
stable background can be performed can be extended. 
[0035] According to the present invention, when the 
supply voltage lowers to a prescribed value or lower, the so 
data rewriting operation is stopped. Thus, the data re- 
writing operation can be performed more stably. 
[0036] According to the present invention, information 
regarding a memory having a charge escaping defect 
or a charge increasing defect is stored as record infor- 55 
mation. A record information storage section can be 
formed using a dedicated memory which allows data to 
be written only once. By removing the information from 



the record information storage section later, information 
(e.g., parameters) which is important for development 
of a device having still higher reliability can be obtained. 
[0037] According to the present invention, when a 
background reading operation for detecting a charge es- 
caping defect or a charge increasing defect is interrupt- 
ed, address information of the final memory cell which 
was scanned is stored in, for example, a work RAM ar- 
ea. When the background operation is allowed to be per- 
formed again, the address of the memory cell at which 
the background operation is to be started is determined 
based on the information. Thus, an efficient background 
reading operation can be performed. When power is 
turned off while a background reading operation for de- 
tecting a charge escaping defect or a charge increasing 
defect is performed, address scanning information is 
stored in, for example, an EEPROM area. When the 
power is turned on again and the background reading 
operation is resumed, the address scanning information 
up to the previous background reading operation can be 
read from the EEPROM area and the reading operation 
is started using the address at which the previous back- 
ground reading operation was terminated. Thus, an ef- 
ficient background reading operation can be performed. 
[0038] Thus, the invention described herein makes 
possible the advantages of providing a non-volatile 
semiconductor memory device for clearly distinguishing 
a charge escaping defect from a charge increasing de- 
fect so as to realize highly reliable data storage relatively 
easily without entirely requiring a vast amount of know- 
how to be accumulated. 

[0039] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] 

Figure 1 is a block diagram illustrating a structure 
of an EEPROM type memory device according to 
one example of the present invention; 

Figure 2 is a cross-sectional view of an EEPROM 
type memory cell shown in Figure 1; 

Figure 3 is a graph illustrating the V-l characteristic 
of a transistor forming the memory cell shown in Fig- 
ure 2; 

Figure 4 is a graph illustrating a distribution of a 
threshold voltage of a memory cell used for describ- 
ing a gate escaping defect and a gate increasing 
defect of a memory cell; 

Figure 5 is a block diagram illustrating one exem- 
plary structure of a charge loss compensation con- 
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trol logic circuit shown in Figure 1 ; 

Figure 6 is a timing diagram illustrating an operation 
of the EEPROM type memory device shown in Fig- 
ure 1; 

Figure 7 is a timing diagram illustrating an operation 
of a hot line circuit shown in Figure 5 for immediately 
returning the memory device to normal data read; 

Figure 8 is a timing diagram illustrating an operation 
of the EEPROM type memory device shown in Fig- 
ure 1 for performing a background reading opera- 
tion and a background writing operation during a 
long operation cycle time; and 

Figure 9 is a block diagram illustrating a basic struc- 
ture of an information apparatus incorporating a 
non-volatile semiconductor memory device accord- 
ing to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Hereinafter, the present invention will be de- 
scribed by way of illustrative examples with reference to 
the accompanying drawings. In the following descrip- 
tion, ~a non-volatile semiconductor memory device ac- 
cording to the present invention is applied to an EEP- 
ROM type memory device. 

[0042] Figure 1 is a block diagram illustrating a struc- 
ture of an EEPROM type memory device 1 according to 
one example of the present invention. Figure 1 shows 
only elements relating to the present invention and omits 
the other elements for the sake of simplicity. For exam- 
ple, an EEPROM type memory device requires circuits 
involved in normal data write and erase (e.g., a switched 
capacitor circuit and the like), but these circuits and the 
like are not shown in Figure 1. Here, detection of a 
charge escaping detect and a charge increasing defect, 
and compensation for the charge escaping detect will 
be mainly described. 

[0043] As shown in Figure 1 , the EEPROM type mem- 
ory device 1 (hereinafter, referred to simply as the 
"memory device 1") includes a memory cell array 2, a 
row decoder 3X, a column decoder 3Y, a data compar- 
ison section 4, a device control logic circuit 5, a charge 
loss compensation control logic circuit 6, a charge loss/ 
gain record memory 7, a level monitor section 8 as a 
supply voltage monitor section, and an address transfer 
detection circuit 9. 

[0044] The memory cell array 2 includes a plurality of 
memory cells 21 arranged in a matrix. Each memory cell 
21 is an EEPROM-type memory cell and includes a 
floating gate-type MOS transistor as a non-volatile 
memory transistor. The memory cell 21 includes a con- 
trol gate CG and a floating gate FG provided below the 
control gate CG. Charges are accumulated in the float- 



ing gate FG, and data is stored using a change in the 
threshold voltage value of the transistor which is caused 
by a change in the amount of the charges accumulated 
in the floating gate FG. Control gates CG of the memory 

5 cells 21 in each row are commonly connected so as to 
form a word line W. Drains D of the memory cells 21 in 
each column are commonly connected so as to form a 
bit line B. Sources S of all the memory cells 21 arranged 
in a matrix are commonly connected to the ground. Re- 

10 ferring to Figure 2, the term "threshold voltage value Vt" 
is defined in this specification as a value applied to a 
control gate CG which is required to provide a current 
having a prescribed value (e.g., 1 uA) flowing between 
the drain D and the source S of one memory cell 21 

15 when a voltage of about 1 V is applied between the drain 
D and the source S. 

[0045] Returning to Figure 1, the row decoder 3X is 
connected to the word lines W connected to the memory 
cells 21 as described above, and outputs a prescribed 

20 word line selection signal in accordance with a row se- 
lection signal value of each of address input signals AO 
through An, which are input to an input terminal 31 . The 
column decoder 3Y is connected to the bit lines B con- 
nected to the memory cells 21 as described above : and 

25 connects one selected bit line B to a data bus in accord- 
ance with a column selection signal value of each of the 
address input signals AO through An (which are input to 
an input terminal 31 ) when data is written to or read from 
each memory cell 21 . 

30 [0046] Before describing the data comparison section 
4, a charge escaping defect and a charge increasing de- 
fect will be described in detail with reference to Figures 
3 and 4. In the following explanation, the reference nu- 
merals used for the elements of the memory device 1 

35 according to the present invention will be used for easier 
understanding. For example, in a general NOR-type 
flash memory, a memory cell 21 exhibits current-voltage 
characteristics as shown in Figure 3. In the state where 
data is erased from the memory cell 21 (an erasing 

^0 state), no charge is stored in the floating gate FG of the 
memory cell 21 . Thus, the memory cell 21 exhibits a cur- 
rent-voltage characteristic indicated by profile 211 in 
Figure 3. In the case where data is written in the memory 
ceil 21 (a writing state), charges are accumulated in the 

45 floating gate FG of the memory cell 21 , and a bias volt- 
age is applied so as to counteract a positive voltage ap- 
plied to the control gate CG. Thus, the memory cell 21 
exhibits a current- voltage characteristic indicated by 
profile 212 in Figure 3. That is, as shown in Figure 3, the 

50 threshold voltage value Vt of the memory cell 21 in the 
erasing state is at voltage point 213. The threshold volt- 
age value Vt of the memory cell 21 in the writing state 
is at voltage point 214. 

[0047] Figure 4 shows a distribution of threshold volt- 
55 age values Vt in the entire memory cell array 2 including 
the plurality of memory cells 21 . In Figure 4, about 50% 
of all the memory cells 21 are in the erasing state (such 
memory cells 21 will be collectively referred to as an 
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"erasing cell group" and indicted by reference numeral 
215), and about 50% of all the memory cells 21 are in 
the writing state (such memory cells 21 will be collec- 
tively referred to as a "writing cell group" and indicted 
by reference numeral 216). In order to guarantee that 
the voltage value of the writing cell and the voltage value 
of the erasing cell are read while being clearly distin- 
guished from each other, the erasing cell group 21 5 and 
the writing cell group 216 need to be distributed within 
a certain range (voltage margin) in each of the positive 
side and the negative side with respect to a reference 
threshold voltage value Vt1 for reading. That is, a volt- 
age margin 217 for erasing and a voltage margin 218 
tor writing are required as shown in Figure 4. Accord- 
ingly, the erasing cell group 215 and the writing cell 
group 216 are generally distributed, with the voltage 
margin 217 for erasing and the voltage margin 218 for 
writing being interposed therebetween. 
[0048] A charge escaping defect is a phenomenon 
that the charges accumulated in the floating gate FG of 
the memory cell 21 in the writing state escape from the 
memory cell 21 due to, for example, deterioration in the 
insulating layer. As a result, the threshold voltage value 
Vt lowers, and a part of the memory cells 21 is offset in 
terms of distribution in the direction indicated by arrow 
A in Figure 4 (a cell group 216a). A charge increasing 
defect is a phenomenon that the charges are accumu- 
lated in the floating gate FG of the memory cell 21 in the 
erasing state. As a result, a part of the memory cells 21 
is offset in terms of distribution in the direction indicated 
by arrow B in Figure 4 (a cell group 215a). The memory 
cells 21 included in the cell group 215a have a charge 
increasing defect, and the memory cells 21 included in 
the cell group 216a have a charge escaping defect 
[0049] With the above phenomenon as a premise, the 
data comparison section 4 will be described, again re- 
ferring to Figure 1. 

[0050] The data comparison section 4 includes a ref- 
erence transistor group (as a reference element group) 
including reference transistors PT, RT and ET, and a 
sensing differential amplifier 41 (sensing differential am- 
plification section). The sensing differential amplifier 41 
sequentially compares a sense voltage with each of ref- 
erence voltages to obtain first through third comparison 
results, and outputs the first through third comparison 
results to an external device through a data output ter- 
minal 42. The sense voltage is obtained based on data 
which is read from the memory cell 21 selected by the 
row decoder 3X and the column decoder 3Y in accord- 
ance with the input address and then input to a pulled- 
up sense line SL The reference voltages are sequen- 
tially input to a pulled-up reference line Re via reference 
transistors PT, RT and ET. A "pulled-up" line refers to a 
line having a voltage which is raised as a result of con- 
necting the line to a power supply via a resistor. 
[0051] The reference transistor PT is a reference tran- 
sistor for writing and is used for determining a threshold 
voltage reference value for writing (threshold voltage 



value Vt2). In this example, the reference transistor PT 
is used for detecting a charge escaping defect of the 
memory cell 21 . The reference transistor RT is a refer- 
ence transistor for reading and is used for determining 
5 a threshold voltage reference value for reading (thresh- 
old voltage value Vt1). In this example, the reference 
transistor RT is used for detecting a charge escaping 
defect of the memory cell 21 and a charge increasing 
defect of the memory cell 21. The reference transistor 
10 ET is a reference transistor for erasing and is used for 
determining a threshold voltage reference value for 
erasing (threshold voltage value Vt3). In this example, 
the reference transistor ET is used for detecting a 
charge increasing defect of the memory cell 21 . 
is [0052] The device control logic circuit 5 detects 
whether the memory device 1 is in a super low power 
consumption mode or in a normal power consumption 
mode and also performs various controls of the memory 
device 1 by detecting whether the memory device 1 is 
in a selection mode or a non-selection mode. 
[0053] The charge loss compensation control logic 
circuit 6 includes a data storage defect detection section 
67, a data rewriting section 68, and a final address stor- 
age section 69. The data storage defect detection sec- 
tion 67 outputs control signals to control gates CG of the 
reference transistors RT, PT and ET sequentially so as 
to obtain the first through third comparison results from 
the sensing differential amplifier 41 , and detects a data 
storage defect of a memory cell 21 based on the first 
through third comparison results. When a memory cell 
21 is detected to have a charge escaping defect, the 
data rewriting section 68 rewrites data to the memory 
cell 21 so detected. The final address storage section 
69 stores an address of the final memory cell 21 from 
which a data reading operation was performed for de- 
tecting a data storage defect. A signal indicating that the 
memory device 1 is in the selection mode is sent via a 
line 66. 

[0054] The data storage defect detection section 67 
operates, for example, in the following manner. 
[0055] Data read from a memory cell 21 in a normal 
memory operation is compared with data read from the 
reference transistor RT for reading. The result is provid- 
ed as a first comparison result, which is determined as 
follows. When the threshold voltage value Vt obtained 
by normal data read of the memory cell 21 is lower than 
the threshold voltage value of the reference transistor 
RT (threshold value Vt1 ), the data storage defect detec- 
tion section 67 determines that the memory cell 21 is in 
an erasing state. When the threshold voltage value Vt 
is higher than the threshold voltage reference value of 
the reference transistor RT (threshold value Vtf ), the 
data storage defect detection section 67 determines that 
the memory cell 21 is in a writing state. 
[0056] The second comparison result is obtainedfrom 
the data read from the memory cell 21 and the data read 
from the reference transistor PT for writing. When the 
first comparison result is the writing state and the sec- 
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ond comparison result is not the writing state; i.e., when 
the threshold voltage value Vt of the memory cell 21 is 
between the threshold value Vt1 of the reference tran- 
sistor RT for reading and the threshold value Vt2 of the 
reference transistor PT for writing, the data storage de- 
fect detection section 67 determines that the memory 
cell 21 has a charge escaping defect. When the first 
comparison result is the writing state and the second 
comparison result is also the writing state, the data stor- 
age defect detection section 67 determines that the 
memory cell 21 is in a normal data storage state. 
[0057] The third comparison result is obtained from 
the data read from the memory cell 21 and the data read 
from the reference transistor ET for erasing. When the 
first comparison result is the erasing state and the third 
comparison result is not the erasing state; i.e., when the 
threshold voltage value Vt of the memory cell 21 is be- 
tween the threshold value Vt1 of the reference transistor 
RT for reading and the threshold value Vt3 of the refer- 
ence transistor ET for erasing, the data storage defect 
detection section 67 determines that the memory cell 21 
has a charge increasing defect. When the first compar- 
ison result is the erasing state and the third comparison 
result is also the erasing state, the data storage defect 
detection section 67 determines that the memory cell 21 
is in a : normal data storage state of the erasing state. 
[0058] The data storage defect detection section 67 
can detect a data storage defect, for example, during a 
non-selection period of the memory device 1 (the mem- 
ory cell 21), a blank period in a selection period, or when 
the power is turned on. In this specification, the "non- 
selection period" refers to a period in which the memory 
device 1 is not selected for, for example, normal data 
read from, write to, or erase from a memory cell 21 . The 
"selection period" is a period in which the memory de- 
vice 1 is selected for, for example, normal data read 
from, write to, or erase from a memory cell 21 . A "blank 
period" refers to a period in the selection period after 
normal data read from, normal data write to, normal data 
erase from, or any other memory operation with respect 
to one memory cell 21 or any other memory operation 
is finished and before normal data read from, normal da- 
ta write to, normal data erase from, or any other memory 
operation with respect to the next memory cell 21 is 
started. A "normal memory operation", "normal data 
write" and "normal data read" refer to a normal memory 
operation of reading data from, writing data to, erasing 
data from, or performing any other memory operation 
with respect to a memory cell, which is not performed 
for a data storage defect. 

[0059] The data rewriting section 68 can perform a da- 
ta rewriting operation, for example, when the memory 
device 1 is switched from the super low powerconsump- 
tion mode to the normal power consumption mode or 
when the memory device 1 goes into the super low pow- 
er consumption mode. 

[0060] The data storage defect detection section 67 
starts detection of a data storage defect after normal da- 



ta read from the memory cells 21 is interrupted and be- 
fore the normal data read is resumed. The data storage 
defect detection section 67 starts the detection by read- 
ing data with the memory cell 21 at the final address 
5 stored in the final address storage section 69. 

[0061 ] In the charge loss/gain record memory 7, data 
storage defect information regarding a charge escaping 
defect or a charge increasing defect of a memory cell 
21 is stored by the charge loss compensation control 
10 logic circuit 6 when such a defect is detected. The 
charge loss/gain record memory 7 and the charge loss 
compensation control logic circuit 6 form a record infor- 
mation storage section. The data storage defect infor- 
mation includes, for example, an address of the memory 
15 cell 21 detected to have a defect, date (year/month/day) 
and time at which the defect occurred, and the type of 
the defect (e.g., a charge escaping defect or a charge 
increasing defect). The data storage defect information 
is set to be read by a special command from an external 
device when a product, such as an information appara- 
tus or the like, using the memory device 1 is returned 
from a customer or the like. The charge loss/gain record 
memory 7 can be any memory which is non-volatile and 
allows data to be written onry once. 
[0062] The level monitor section 8 includes a backup 
capacitor 81 as a backup capacitance section for ac- 
commodating charges used for performing a back- 
ground writing operation and a level monitor section 
(level monitor circuit) 82 for monitoring whether a termi- 
nal voltage of the backup capacitor 81 has lowered to a 
prescribed voltage value or lower. The level monitor sec- 
tion 82 outputs a supply voltage reduction detection sig- 
nal to the data rewriting section 68 of the charge loss 
compensation control logic circuit 6 when the terminal 
voltage of the backup capacitor 81 has lowered to the 
prescribed voltage value or lower, and controls the back- 
ground writing operation to be stopped when the data 
rewriting section 68 receives the supply voltage reduc- 
tion detection signal, 

[0063] The address transfer detection circuit 9 oper- 
ates as follows. In a blank period, the address transfer 
detection circuit 9 detects that a background reading op- 
eration for detecting a charge escaping defect or a 
charge increasing defect is completed. When the ad- 
dress transfer is detected by the address transfer detec- 
tion circuit 9 after the data reading operation period is 
terminated, the address transfer detection circuit 9 out- 
puts a transfer detection signal to the charge loss.com- 
pensation control logic circuit 6 so as to control the 
charge loss compensation control logic circuit 6 to stop 
the background operation. In this specification, a "back- 
ground reading operation" refers to a reading operation 
performed to detect a data storage defect. A "back- 
ground writing operation" and a "background rewriting 
operation" refers to an operation of writing data in order 
to compensate for the charge escape defect". 
[0064] Figure 5 shows one exemplary structure of the 
charge loss compensation control logic circuit 6 shown 
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in Figure 1 . As shown in Figure 5, the charge loss com- 
pensation control logic circuit 6 includes a charge loss 
compensation control logic core 60, an OR gate logic 
circuit 65, and a hot line circuit 63. In other words, the 
charge loss compensation control logic circuit6 includes 
a gate logic circuit including the OR gate logic circuit 65 
and the hot line circuit 63. By the gate logic circuit, a 
background reading operation can be stopped and the 
normal memory operation can be started immediately 
when the memory device 1 is switched from the non- 
selection period to the selection period. A device select 
signal line 511 for inputting a device select signal from 
an external device to the memory device 1 and a read 
enable signal line 512 for inputting a read signal from 
an external device to the memory device 1 are connect- 
ed to inputs of the device control logic circuit 5. 
[0065] An operation of the memory device 1 having 
the above-described structure will be described, first 
briefly and then in detail. 

[0066] Before the memory device 1 is operated, an 
amount of charges accumulated in each memory ele- 
ment (transistor) is monitored as a background opera- 
tion. When it is found the charges escape from the float- 
ing gate FG of the memory cell 21 for some reason, data 
is rewritten to the memory cell 21 having the charge es- 
caping defect so as to compensate for the escape of the 
charges, i.e., the charges are re-injected (this writing op- 
eration is referred to also as a "refreshing operation"). 
[0067] Detection of a charge escaping defect does not 
require any operation from an external device. The 
charge escaping defect can be detected with high pre- 
cision and at a high speed by performing a background 
reading operation while the memory cell 21 is in a wait 
state or a non-selection state. This data reading opera- 
tion is performed as follows. Data from each memory 
cell 21 is compared with data from the reference tran- 
sistor RT for reading and with data from the reference 
transistor PT for writing. When a memory cell 21 having 
a threshold voltage value Vt which is higher than the 
threshold voltage value Vt1 of the reference transistor 
RT for reading and is lower than the threshold voltage 
value Vt2 of the reference transistor PT for writing is de- 
tected, this memory cell 21 can be determined to have 
a charge escaping defect. The reason is that such a 
threshold voltage value Vt cannot exist. The above-de- 
scribed detection of a charge escaping defect can be 
performed in, for example, the following periods. 
[0068] First, the detection of a charge escaping defect 
of a memory cell 21 can be performed during a non-se- 
lection period of the memory device 1. In this case, the 
non -selection period of the memory device 1 needs to 
be sufficiently long to perform a background reading op- 
eration. Accordingly, in a non-selection period exceed- 
ing a prescribed period of time, a reading operation for 
detecting a charge escaping defect is performed during 
the non-selection period. 

[0069] Second, the detection of a charge escaping 
defect of a memory cell 21 can be performed during a 



blank period in the selection period of the memory cell 
21 . Data is read from the memory cell 21 , the reference 
transistor PT for writing and the reference transistor RT 
for reading. When a memory cell 21 having a threshold 

s voltage value Vt which is higher than the threshold volt- 
age value of the reference transistor RT for reading and 
is lower than the threshold voltage value of the reference 
transistor PT for writing is detected, this memory cell 21 
can be determined to have a charge escaping defect. 

10 The reason is that such a threshold voltage value Vt can- 
not exist. 

[0070] When a charge escaping defect of a memory 
cell 21 is detected as described above, data is written 
to the same memory cell 21 in the following manner as 

'5 a refreshing operation. As compared to a data reading 
operation, a data writing operation requires a greater 
amount of energy and takes more time. Therefore, it is 
difficult to perform a background data writing operation. 
[0071] However, the frequency at which the charge 

20 escaping defect occurs is very low, and thus the fre- 
quency at which a background data writing operation is 
required for compensation is also very low. Accordingly, 
the data can be written in a period in which the memory 
device 1 is in a non-selection state with certainty and 

25 which is sufficiently long for performing a writing opera- 
tion for compensating for the charge escaping defect of 
the memory cell 21. A background refreshing operation 
can be realized by performing a writing operation the 
moment when the memory device 1 goes into the super 

30 low power consumption mode or returns from the super 
low power consumption mode to the normal power con- 
sumption mode. The "moment" here is in the order of 
microseconds. 

[0072] After the charge escaping defect is compen- 

35 sated for by the data rewriting operation, aflag indicating 
that the charge escaping defect is compensated for can 
be written in the charge loss/gain record memory 7 
(EEPROM area) of the memory device 1 . In this way, it 
is possible to obtain some information on the correlation 

40 between the charge escaping defect and a defect oc- 
curring in actual use, when a product, such as an infor- 
mation apparatus or the like, using the memory device 
1 is returned from the customer due to the defect. In ad- 
dition, the memory device 1 fundamentally should not 

45 generate any charge escaping defect. From the charge 
loss/gain record memory 7 including the flag, it is also 
possible to obtain the frequency at which the charge es- 
caping defect occurred in actual use. Based on this in- 
formation, the true data storage characteristic of the 

50 memory device 1 can be specified, which leads to ac- 
cumulation of know-how for realizing a device having 
still higher reliability. 

[0073] According to the above-described method of 
the background writing operation, power for writing data 
55 needs to be supplied from a memory system (including 
the memory device 1). In some types of memory sys- 
tems, a different level of power is supplied to the mem- 
ory device 1 during the background writing operation, e. 
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g., during the super low power consumption mode, from 
during the normal memory operation. More specifically, 
some types of the memory systems may be in a low 
power supply mode during the background writing op- 
eration. In such acase, additional power can not be sup- 
plied from the memory system. In order to perform a 
background writing operation to a defective memory ceil 
21 under such operating circumstances, an electric en- 
ergy accumulation section (backup capacitance sec- 
tion) can be provided for writing data. Specifically, the 
backup capacitance section can be the backup capaci- 
tor 81 (Figure 1 ) for accumulating charges in the mem- 
ory device 1 . During a normal memory operation, charg- 
es are accumulated in the backup capacitor 81 . When, 
for example, the memory system goes into the super 
low power consumption mode and the memory device 
1 also goes into the super low power consumption 
mode, the charges in the backup capacitor 81 are kept 
accumulated without being discharged. While the mem- 
ory device 1 is performing detection of a charge escap- 
ing defect of a memory cell 21 as a background opera- 
tion or performing a background writing operation to a 
memory cell 21 detected to have a charge escaping de- 
fect, the electric energy accumulated in the backup ca- 
pacitor 81 can be used. 

[0074] So far, the charge escaping defect has been 
described. A charge increasing defect also occurs that 
an amount of charges increases in the floating gate of 
a memory cell 21 of the memory device 1 which is in an 
erasing state. Since a memory cell 21 cannot usually be 
selectively erased from a flash EEPROM-type memory 
device 1, it is impossible to compensate for such a de- 
fect. Nevertheless, such a defect can be detected when 
the threshold voltage value of the memory cell 21 is be- 
tween the threshold voltage value Vt1 (Figure 4) of the 
reference transistor RT for reading and the threshold 
voltage value Vt3 (Figure 4) of the reference transistor 
ET for erasing. The charge increasing defect, as well as 
the charge escaping defect, is a parameter indicating 
that the reliability of the memory device 1 is deteriorated. 
The charge increasing defect cannot be compensated 
for as described above, but the information on the 
charge increasing defect can be recorded. When a prod- 
uct, such as an information apparatus or the like, using 
the memory device 1 is returned from a customer, it is 
possible to know whether the charge increasing defect 
occurred or not, which is very useful as a parameter to 
improve the production process of the memory device 1 . 
[0075] Hereinafter, an operation of the memory de- 
vice 1 will be described sequentially in detail with refer- 
ence to Figures 1 through 9. 

[0076] It is assumed that the memory device 1 goes 
into a super low power consumption mode at the request 
of the memory system/Usually, the memory device 1 is 
controlled by the memory system via a control input ter- 
minal 51 to go into the super low power consumption 
mode. At this point, the device control logic circuit 5 puts 
the memory device 1 into the super low power consump- 



tion mode, and also outputs a start signal for starting 
detection of a charge escaping defect and a charge in- 
creasing defect to the charge loss compensation control 
logic circuit 6 via a line 52. This outputting operation of 

5 the start signal also notifies the charge loss compensa- 
tion control logic circuit 6 that the memory device 1 has 
been put into the super low power consumption mode. 
Upon receiving the start signal, the charge loss compen- 
sation control logic circuit 6 immediately starts a back- 

io ground reading operation from the memory cell array 2. 
This operation will be described in more detail with ref- 
erence to Figure 6. 

[0077] Figure 6 is a timing diagram illustrating an op- 
eration of the memory device 1 shown in Figure 1. As 
15 shown in Figure 6, when a start signal 521 is input from 
the line 52, the charge loss compensation control logic 
circuit 6 starts detection of a charge escaping defect and 
a charge increasing defect. More specifically, the charge 
loss compensation control logic circuit 6 starts generat- 
es jng an internal address upon receiving the start signal 
521 . The charge loss compensation control logic circuit 
6 also sequentially selects the three select lines 61 re- 
spectively for connection to the reference transistors PT, 
RT and ET in order to detect a charge escaping defect 
25 and a charge increasing defect. 

[0078] In more detail, the charge loss compensation 
control logic circuit 6 outputs the generated internal ad- 
dress to the row decoder 3X and the column decoder 
3Y via a line 62, thereby starting a background reading 
30 operation from the memory cell array 2. When the back- 
ground reading operation is started, the charge loss 
compensation control logic circuit 6 sequentially selects 
the reference transistors PT, ET and RT via the select 
lines 61. The order of selection is not important, but 
35 herein the reference transistor ET for erasing, the refer- 
ence transistor PT for writing and the reference transis- 
tor RT for reading are selected in this order. Regarding 
data output from the sensing differential amplifier 41, a 
value "1 " indicates erasing and a value "0" indicates writ- 
^0 jng. 

[0079] In Figure 6, the charge loss compensation con- 
trol logic circuit 6 obtains a value "0" read using the ref- 
erence transistor ET for erasing, a value "1" read using 
the reference transistor PT for writing, and a value M 0" 

^5 read using the reference transistor RT for reading, when 
the internal address is generated and the reference tran- 
sistors ET, PT and RT are sequentially selected. It is 
appreciated that the memory cell 21 shown in Figure 6 
has a charge escaping defect. When the memory cell 

50 21 is in the normal data storage state, the data from a 
data output line 43 has a value "0" read using the refer- 
ence transistor ET for erasing, a value "0" read using 
the reference transistor PT for writing, and a value M 0" 
read using the reference transistor RT for reading. 

55 [0080] When no charge escaping defect or charge in- 
creasing defect is found, the charge loss compensation 
control logic circuit 6 performs an automatic increment 
so as to generate the next internal address. Thus, all the 
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memory cells 21 in the memory ceil array 2 are sequen- 
tially scanned so as to confirm whether the data storage 
state thereof is normal or defective. 
[0081] When a charge escaping defect is found, the 
charge loss compensation control logic circuit 6 can ei- 
ther go into a background rewriting operation, or therein 
store the address of the memory cell 21 having the de- 
fect therein so that a background writing operation can 
be performed at an appropriate time. Usually, the writing 
operation requires power for injecting charges to the 
floating gate FG of the memory cell 21. In, for example, 
a memory system of a cellular phone or the like, the load 
of supplying the power may be excessive. When the en- 
tire memory system goes into the super low power con- 
sumption mode, a necessary level of power may not be 
supplied to the memory device 1 . In order to deal with 
such a situation, the power can be supplied in the fol- 
lowing three methods. 

[0082] According to a first power supply method {op- 
eration status example 1 in Figure 6), the memory de- 
vice 1 has a built-in backup capacitance section includ- 
ing the backup capacitor 81. A background writing op- 
eration is performed using the power from the backup 
capacitor 81. As the background writing operation is 
continued, however, the terminal voltage of the backup 
capacitor 81 decreases . The level of the terminal volt- 
age is monitored by the level monitor section (level mon- 
itor circuit) 82. When the terminal voltage of the capac- 
itor 81 becomes a prescribed value or less : the levej 
monitor section 82 outputs a signal indicating the level 
reduction to the charge loss compensation control logic 
circuit 6 via a line 83. Thus, the charge loss compensa- 
tion control logic circuit 6 is informed of the reduction in 
the terminal voltage of the backup capacitor 81. Then, 
the level monitor section 82 controls the charge loss 
compensation control logic circuit 6 to stop the back- 
ground writing operation. 

[0083] According to a second power supply method 
(operation status example 2 in Figure 6), a background 
writing operation is performed during a period in which 
the background writing operation is possible, e.g., the 
moment when the memory device 1 returns to the nor- 
mal power consumption mode from the super low power 
consumption mode, using the final address in the 
charge loss compensation control logic circuit 6. When 
the memory device 1 returns from the super low power 
consumption mode to the normal power consumption 
mode, the memory device 1 usually needs to be provid- 
ed with a delay time period for stable return. During the 
delay time period, the background writing operation can 
be performed with no load of supplying power applied 
on the memory system (including the memory device 1) 
i n terms of power since the power supply of the memory 
system has a normal power supply capability in this pe- 
riod. 

[0084] According to a third power supply method, the 
address of the memory cell 21 having the data storage 
defect is stored in the charge loss compensation control 



logic circuit 6 as described above. Unlike the operation 
status example 2 in Figure 6, the background writing op- 
eration is performed when the memory device 1 goes 
into the super low power consumption mode. Generally, 
5 for stable operation of the memory system, the power 
supply capability of the memory system is not reduced 
the moment when the memory system goes into the su- 
per low power consumption mode but after a certain de- 
lay time period. Using this delay time period, the back- 
10 ground writing operation can be performed. 

[0085] After the background writing operation is per- 
formed in any of the above-described methods, a record 
regarding the memory cell 21 can be kept as follows. 
When at least one of a charge escaping defect and a 
is charge increasing defect is found, the charge loss com- 
pensation control logic circuit 6 stores, in the charge 
loss/gain record memory 7, data storage defect infor- 
mation, for example, an address of the memory cell 21 
having the data storage defect and type of the charge 
storage defect (e.g. , a charge escaping defect and/or 
a charge increasing defect). The data storage defect in- 
formation can be read by an external device using a spe- 
cial command when a product, such as an information 
apparatus or the like, using the memory device 1 is re- 
turned from a customer. 

[0086] In the case where the memory cell 21 has a 
charge increasing defect, the data from the data output 
line 43 has a value "0" read using the reference transis- 
tor ETfor erasing, a value "1" read using the reference 
transistor PT for writing, and a value M 1" read using the 
reference transistor RT for reading. The charge increas- 
ing defect cannot be compensated for by rewriting data, 
unlike the charge escaping defect. The reason is that 
since the flash EEPROM type memory device 1 allows 
data in a memory blockto be erased only in a batch man- 
ner, charges cannot be forcibly removed from an arbi- 
trary memory cell 21 . However, the information on the 
occurrence of the charge increasing defect which is 
stored in the charge loss/gain record memory 7 can be 
used later in the above-described manner. 
[0087] When the memory device 1 goes into a deep 
power down mode after once returning from the super 
low power consumption mode to the normal power con- 
sumption mode, without the power supply to the mem- 
ory device 1 being interrupted, the operation can be 
started with the final memory cell 21 from which the pre- 
vious background data reading operation was per- 
formed. Alternatively, the operation can be started with 
a memory cell 21 immediately after the final memory cell 
21 . In order to realize this, a work RAM area is provided 
in the charge loss compensation control logic circuit 6 
and the final address is stored in the work RAM area. 
The content of the storage is not erased unless the pow- 
er supply of the memory device 1 is turned off. When 
the memory device 1 goes into the super low powercon- 
sumption mode again, the content stored in the work 
RAM area (i.e., the final address) is read, and the read- 
ing operation for detecting a charge escaping defect and 
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a charge Increasing defect can be started with the final 
memory cell 21 at the final address. 
[0088] Instead of using the work RAM, an EEPROM 
type memory cell can be used. In this case, it is possible 
to store the final address even after the power supply of 
the memory device 1 is turned off. Thus, a reading op- 
eration for detecting a charge escaping defect and a 
charge increasing defect can be started with the final 
memory cell 21 atthefinal address, regardless of wheth- 
er the power supply of the memory device 1 is on or off. 
[0089] In addition to operation during the super low 
power supply mode, the background writing operation 
can be performed in a non-selection period of the mem- 
ory device 1 . When the non-selection period of the mem- 
ory device 1 exceeds a prescribed time period, the 
memory system (including the memory device 1) goes 
into a mode which does not require the memory device 
1 and thus determines that a background writing oper- 
ation can be performed with no problem. Thus, the 
memory system enables the background writing opera- 
tion. 

[0090] During this period, a charge escaping defect 
and a charge increasing defect can be detected in ad- 
dition to performing the background writing operation. 
When the memory device 1 goes into a selection state 
while performing a detection operation for a charge es- 
caping defect or a charge increasing defect or perform- 
ing a background writing operation, the memory device 
1 needs to immediately return to the normal memory op- 
eration mode. In order to realize this, when the device 
control logic circuit 5 detects that the memory device 1 
is in a selection state, the device control logic circuit 5 
immediately outputs a signal, indicating that the memory 
device 1 is detected to be in the selection state, to the 
charge loss compensation control logic circuit 6. 
[0091] In the case where the internal circuit configu- 
ration of the charge loss compensation control logic cir- 
cuit 6 is as shown in Figure 5, the memory device 1 can 
return to the normal memory operation immediately. 
When the memory device 1 returns to a command input 
mode, which can be handled only by the device control 
logic circuit 5, the background operation can be stopped 
by the charge loss compensation control logic circuit 6 
while the command input is handled by the device con- 
trol logic circuit 5. 

[0092] This operation will be described in detail with 
reference to Figure 7. It is assumed that in period D in 
Figure 7, the memory device 1 performs a background 
writing operation for compensating for a charge escap- 
ing defect of a memory cell 21 . At this point, a device 
select signal and a read signal are asserted to be ena- 
bled. Thus, the memory device 1 should immediately 
stop the background operation and perform normal data 
read. This is realized by the gate logic circuit including 
the OR gate logic circuit 65 and the hot line circuit 63. 
When the device select signal becomes enabled and the 
read signal becomes enabled, a background enable line 
64 (Figure 5) should be immediately disabled. However, 



the background enable line 64 is formed of a complicat- 
ed logic circuit and thus it is substantially impossible to 
instantaneously disable the background enable line 64 
without influencing the operation of the memory device 
5 1. Accordingly, in period E in Figure 7, the background 
enable line 64 is kept enabled for a certain time period 
even after the non-selection period is over. A direct read 
signal is generated from the select signal and the read 
enable signal of the memory device 1, and the direct 
10 read signal is directly input to the reference transistor 
RT for reading . The hot line circuit 63 allows the memory 
device 1 to immediately return to the normal memory 
operation. In period F, when the charge loss compensa- 
tion control logic core 60 as a background control circuit 
is completely stabilized, the signal from the background 
enable line 64 goes into a disable state, and the select 
lines 61 for the reference transistors PT, ET and RT are 
now controlled by a control circuit for performing normal 
device control. 

[0093] In the above-described operation, the memory 
device 1 can be instantaneously transferred from a 
background operation to the normal memory operation. 
When the memory device 1 returns to normal data read, 
the hot line circuit 63 as described above needs to be 
additionally provided. When the memory device 1 re- 
turns to any other type of normal memory operation, the 
hot line circuit 63 is not specifically required. The reason 
is that the other types of normal memory operation other 
than the data read, e.g., data write, data erase and sta- 
tus read, are all executed by the memory system using 
a command. The command is independently received 
by a device controller for performing normal device con- 
trol, which is separate from the charge loss compensa- 
tion control logic circuit 6. The device controller analyzes 
the command and performs the next operation (erase, 
write, or the like). This operation requires a certain time 
period. Therefore, any special hot line circuit 63 for in- 
stantaneously switching the operation of the reference 
transistors to the normal memory operation mode is not 
specifically required. 

[0094] In Figure 7, "PV" refers to program verify. 
[0095] In the case where the memory device 1 has a 
very long data read period (e.g., the order of several tens 
of microseconds), while the memory device 21 is not 
substantially operating after the normal data read is 
completed, data in each memory cell 21 is read as com- 
pared with the reference transistor RT for reading, as 
compared with the reference transistor PT for writing, 
and as compared with the reference transistor ET for 
erasing. This operation will be described with the timing 
diagram in Figure 8. 

[0096] As shown in Figure 8, the addresses are trans- 
ferred at point G. After that, the device select line 511 
and the read enable line 512 become enabled. In period 
H in Figure 8, data read is performed inside the memory 
device 1 . The cycle time of data read is several tens of 
microseconds, whereas a period required for the data 
read is several hundred nanoseconds. Accordingly, the 
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data read is finished in the memory device 1 in a shorter 
time period than the cycle time as shown in period H of 
Figure 8. In a blank period after the data read is finished, 
a background reading operation for detecting a charge 
escaping defect or a charge increasing defect of a mem- 
ory cell 21 is performed. The address transfer detection 
circuit 9 detects that the data reading operation period 
(data read period) is terminated. When the address 
transfer is detected by the address transfer detection cir- 
cuit 9 after the data reading operation period, the back- 
ground operation is stopped (point i in Figure 8). 
[0097] During idling period K after the normal data 
read is completed, a background writing operation for 
compensating for the charge escaping defect is per- 
formed (period J in Figure 8). The writing operation is 
preferably completed in the same data read period, un- 
like the reading operation. Accordingly, an algorithm 
which prohibits the background writing operation when 
the period required for background writing operation is 
longer than idling period K needs to be adopted. 
[0098] As described above, according to the present 
invention, the charge loss compensation control logic 
circuit 6 determines that the memory cell 21 has a 
charge escaping defect when the threshold voltage val- 
ue of the memory cell 21 is between the threshold volt- 
age value of the reference transistor RT for reading and 
the threshold voltage value of the reference transistor 
PT for writing. The charge loss compensation control 
logic circuit 6 also determines that the memory cell 21 
has a charge increasing defect when the threshold volt- 
age value of the memory cell 21 is between the thresh- 
old voltage value of the reference transistor RT for read- 
ing and the threshold voltage value of the reference tran- 
sistor ET for erasing. Therefore, the charge escaping 
defect can be clearly distinguished from the charge in- 
creasing defect. Thus, highly precise detection of a data 
storage state, for example, whether the memory cell 21 
has a charge escaping defect or a charge increasing de- 
fect, can be performed. 

[0099] When the memory device 1 has a non-selec- 
tion period which is sufficiently long to perform a back- 
ground writing operation to the memory device 1 (for ex- 
ample, when the cycle time is relatively long when the 
memory device 1 is in a non-selection period), a rewrit- 
ing operation can be performed to the memory cell 21 
having the charge escaping defect. In this way, a diffi- 
cult-to-obtain time period lor the background rewriting 
operation can be obtained. When the memory device 1 
has an operation cycle time which is sufficiently long to 
perform a background writing operation to the memory 
device 1 and while the normal data read is performed 
by the memory device 1 , a rewriting operation can be 
performed to the memory cell 21 having the charge es- 
caping defect. In this way, a difficult-to-obtain time peri- 
od for the background rewriting operation can be ob- 
tained. In the case where the memory system is per- 
forming normal data read and the cycle time for operat- 
ing the memory device 1 is sufficiently long, a back- 



ground reading operation for detecting a charge escap- 
ing defect and a charge increasing defect can be per- 
formed after the normal data read from the memory de- 
vice 1 is finished. In this way, the background reading 
s operation can be efficiently performed. 

[0100] As described above, according to the present 
invention, a data storage defect is detected based on a 
comparison result between the data read from a mem- 
ory cell and data read from each of a reference element 

10 for reading, a reference element for writing and a refer- 
ence element for erasing. Therefore, a charge escaping 
defect and a charge increasing defect can be clearly dis- 
tinguished from each other. Thus, highly reliable data 
storage can be realized without entirely requiring a vast 

is amount of know-how to be accumulated. 

[0101] According to the present invention, a data 
comparison section can be easily and satisfactorily 
formed using a reference element group and a sensing 
differential amplification section. 

20 [0102] According to the present invention, a memory 
cell having an abnormal or defective data storage char- 
acteristic is detected using a reference element for read- 
ing and a reference element for writing. Therefore, a 
charge escaping defect can be detected with high pre- 

25 cision. 

[0103] According to the present invention, a memory 
cell having an abnormal or defective data storage char- 
acteristic is detected using a reference element for read- 
ing and a reference element for erasing. Therefore, a 
30 charge increasing defect can be detected with high pre- 
cision. 

[0104] According to the present invention, whether 
the data storage is normally performed or not can be 
checked when the memory device is turned on. Usually 
when the memory device is turned on, the memory sys- 
tem is provided with a delay period for stable start. This 
delay time period can be used to perform a background 
data rewriting operation. Thus, a difficult-to-obtain time 
period forthe background rewriting operation can be ob- 
tained with certainty. A data storage defect can also be 
detected during a non-selection period of the memory 
device and a blank period while normal data read is per- 
formed from the memory cell. 

[0105] According to the present invention, when a 
memory cell has a charge escaping defect, the data can 
be rewritten to the memory cell to compensate for the 
defect. 

[01 06] When the memory system returns from a super 
low power consumption mode to a normal power con- 
sumption mode, the memory system is usually provided 
with a delay period for stable return. According to the 
present invention, this delay period is used to perform 
a background data rewriting operation. Thus, a difficult- 
to-obtain time period forthe background rewriting oper- 
ation can be obtained with certainty. 
[01 07] When the memory system goes into the super 
low power consumption mode, the memory system is 
usually provided with a delay period for stable return . 
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According to the present invention, this delay period is 
used to perform a background data rewriting operation. 
Thus, a difficult-to-obtain time period for the background 
rewriting operation can be obtained with certainty. 
[0108] According to the present invention, the mem- 
ory device has a built-in backup capacitance section 
such as a capacitor for obtaining energy required to per- 
form a background operation in the super low power 
consumption mode. Therefore, the stable background 
operation is obtained, and the time period in which the 
stable background can be performed can be extended. 
[0109] According to the present invention, when the 
supply voltage lowers to a prescribed value or lower, the 
data rewriting operation is stopped. Thus, the data re- 
writing operation can be performed more stably. 
[01 10] According to the present invention, information 
regarding a memory having a charge escaping defect 
or a charge increasing defect is stored as record infor- 
mation. A record information storage section can be 
formed using a dedicated memory which allows data to 
be written only once. By removing the information from 
the record inf ormation storage section later, information 
(e.g., parameters) which is important for development 
of a device having still higher reliability can be obtained. 
[0111] According to the present invention, when a 
background reading operation for detecting a charge es- 
caping defect or a charge increasing defect is interrupt- 
ed, address information of the final memory cell which 
was scanned is stored in, for example, a work RAM ar- 
ea. When the background operation is allowed to be per- 
formed again, the address of the memory cell at which 
the background operation is to be started is determined 
based on the information. Thus, an efficient background 
reading operation can be performed. When power is 
turned off while a background reading operation for de- 
tecting a charge escaping defect or a charge increasing 
defect is performed, address scanning information is 
stored in, for example, an EEPROM area. When the 
power is turned on again and the background reading 
operation is resumed, the address scanning information 
up to the previous background reading operation can be 
read from the EEPROM area and the reading operation 
is started with the address at which the previous back- 
ground reading operation was terminated. Thus, an ef- 
ficient background reading operation can be performed. 
[01 12] In the above example, a non-volatile semicon- 
ductor memory device is described. A non-volatile sem- 
iconductor memory device according to the present in- 
vention can be easily incorporated into an information 
apparatus such as, for example, a cellular phone or a 
computer so as to provide the effect of the present in- 
vention. For example, as shown in Figure 9, an informa- 
tion apparatus 100 can include an information memory 
section such as, for example, a RAM or a ROM (e.g., a 
flash memory), a control input section, a display section 
for displaying an initial screen or an information process- 
ing result, such as, for example, a liquid crystal display 
device, and a CPU (central processing unit). The CPU 



performs various types of information processing by 
reading information from or writing information to the in- 
formation memory section (memory operation) or trans- 
ferring data, upon receiving a control instruction from 

5 the control input section, based on a prescribed infor- 
mation processing program or data thereof. In this case, 
the non-volatile semiconductor memory device accord- 
ing to the present invention can be easily used in the 
information memory section. 

10 [01 13] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 

is set forth herein, but rather that the claims be broadly 
construed. 



Claims 

1 . A non-volatile semiconductor memory device for al- 
lowing a data writing operation to, a data reading 
operation from, and a data erasing operation from 
a plurality of non-volatile memory cells, the non-vol- 
atile semiconductor memory device comprising: 

a data comparison section for outputting a first 
comparison result obtained by comparing data 
read from each of the plurality of memory cells 
and data read using a reference element for 
reading, a second comparison result obtained 
by comparing data read from each of the plu- 
rality of memory cells and data read from a ref- 
erence element for writing, and a third compar- 
ison result obtained by comparing data read 
from each of the plurality of memory cells and 
data read from a reference element for erasing; 
and 

a data storage defect detection section for de- 
tecting a data storage defect of a memory cell 
among the plurality of memory cell, based on 
the first, second and third comparison results 
obtained from the data comparison section. 

2. A non-volatile semiconductor memory device ac- 
cording to claim 1 , wherein the data comparison 
section includes: 

a reference element group including the refer- 
ence element for reading, the reference ele- 
ment for writing, and the reference element for 
erasing; and 

a sensing differential amplification section con- 
nected to each of the plurality of memory cells, 
which are of an EEPROM type, at one input end 
of the section and also connected to the refer- 
ence element group at the other input end of 
the section. 
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3. A non-volatile semiconductor memory device ac- 
cording to claim 1, wherein when a threshold volt- 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 

of the reference element for reading and a threshold 5 
voltage value of the reference element for writing, 
the data storage defect detection section deter- 
mines that the memory cell has a charge escaping 
defect. 

w 

4. A non-volatile semiconductor memory device ac- 
cording to claim 1 , wherein when a threshold volt- 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 

of the reference element for reading and a threshold is 
voltage value of the reference element for erasing, 
the data storage defect detection section deter- 
mines that the memory cell has a charge increasing 
defect. 

20 

5. A non-volatile semiconductor memory device ac- 
cording to claim 1 , wherein the data storage detec- 
tion section detects the data storage defect at least 
one of: during a non-selection period of each mem- 
ory cell, during a blank period while normal data 25 
read is performed from each memory cell, and when 
power is turned on. 

6. A non-volatile semiconductor memory device ac- 
cording to claim 2, wherein when a threshold volt- 30 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 

of the reference element for reading and a threshold 
voltage value of the reference element for writing, 
the data storage defect detection section deter- 35 
mines that the memory cell has a charge escaping 
defect. 

7. A non-volatile semiconductor memory device ac- 
cording to claim 2, wherein when a threshold volt- 40 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 

of the reference element for reading and a threshold 
voltage value of the reference element for erasing, 
the data storage defect detection section deter- 45 
mines that the memory cell has a charge increasing 
defect. 

8. A non-volatile semiconductor memory device ac- 
cording to claim 6, wherein when a threshold volt- 50 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 

of the reference element for reading and a threshold 
voltage value of the reference element for erasing, 
the data storage defect detection section deter- 55 
mines that the memory cell has a charge increasing 
defect. 



9. A non-volatile semiconductor memory device ac- 
cording to claim 8, further comprising a record in- 
formation storage section for storing, as record in- 
formation, memory cell information corresponding 
to the charge escaping defect and memory cell in- 
formation corresponding to the charge increasing 
defect. 

10. A non-volatile semiconductor memory device ac- 
cording to claim 3, wherein when a threshold volt- 
age value of a memory cell among the plurality of 
memory cells is between a threshold voltage value 
of the reference element for reading and a threshold 
voltage value of the reference element for erasing, 
the data storage defect detection section deter- 
mines that the memory cell has a charge increasing 
defect. 

11. A non-voJatile semiconductor memory device ac- 
cording to claim 10, further comprising a record in- 
formation storage section for storing, as record in- 
formation, memory cell information corresponding 
to the charge escaping defect and memory cell in- 
formation corresponding to the charge increasing 
defect. 

12. A non-volatile semiconductor memory device ac- 
cording to claim 3, further comprising a data rewrit- 
ing section for, when a memory cell among the plu- 
rality of memory cells has the charge escaping de- 
fect, performing a data rewriting operation to the 
memory cell. 

13. A nonvolatile semiconductor memory device ac- 
cording to claim 1 2, wherein the data rewriting sec- 
tion performs the data rewriting operation when the 
memory cell returns from a super low power con- 
sumption mode to a normal power consumption 
mode. 

14. A non-volatile semiconductor memory device ac- 
cording to claim 1 2, wherein the data rewriting sec- 
tion performs the data rewriting operation when the 
memory device goes into the super low power con- 
sumption mode. 

15. A non-volatile semiconductor memory device ac- 
cording to claim 1 4, wherein the data rewriting sec- 
tion performs the data rewriting operation by sup- 
plying power from a backup capacitance section 
when the memory device goes into the super low 
power consumption mode. 

16. A non-volatile semiconductor memory device ac- 
cording to claim 1 5, further comprising a supply volt- 
age monitor section for outputting a writing stop sig- 
nal for stopping the data rewriting operation when 
the power supplied from the backup capacitance 
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section becomes a prescribed level or lower. 

17. A non-volatile semiconductor memory device ac- 
cording to claim 1 , further comprising a final ad- 
dress storage section for storing a final address of 5 
a final memory cell, among the plurality of memory 
cells, from which the data reading operation was 
performed for detecting the data storage defect, 

wherein the data storage defect detection 
section uses the address stored in the final address 10 
storage section to resume detection of the data stor- 
age defect by performing the data reading operation 
using the final address. 

18. An information apparatus using the non-volatile *5 
semiconductor memory device according to claim 

1 for detecting a data storage defect of a memory 
cell. 

19. A non-volatile semiconductor memory device hav- 20 
ing a plurality of memory cells and means for de- 
tecting data storage defects in the cells according 

to the results of comparisons between data read 
from the cells and data from reference elements for 
reading, writing and erasing. 25 
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